I. INTRODUCTION
Orthogonal frequency division multiplexing (OFDM) has been considered as one of the most promising transmission techniques for wideband wireless systems [1, 2] . Recently, it has attracted much attention for the next generation (called 4G) wireless access system. When it is applied to the cellular system, it may need a rapid cell search scheme in mobile channel environment. The cell search process includes the acquisition of initial symbol/frame timing and identification of cell.
There have been a number of researches on the acquisition of initial timing in OFDM systems. However, few researches consider the acquisition in multi-cell environment. The use of a cyclic prefix (CP) has widely been used for the timing acquisition due to its simplicity [4] . However, the CP is often corrupted by inter symbol interference (ISI) in multi-path channel environment. Moreover, since the synchronization is often based on the correlation with the CP, which is directly proportional to the transmit power from the base station, the user can be synchronized to an adjacent base station having higher power than the correct base station. As a result, as the number of users in a cell increases, the more likely new users are to be synchronized to that base station, causing severe unbalancing in the cellular network load. The preamble has also been used to obtain accurate symbol timing. By using a preamble having two repetitive patterns, the computational complexity problem can be alleviated in preamble-based methods [7] . However, this method may suffer from high ambiguity of the timing metric at the boundary of symbol timing instant, degrading the synchronization performance. Moreover, it does not consider multi-cell environment.
In multi-cell environment, initial cell search can efficiently be achieved by using a multi-step approach [8] . Although many researches on have been devoted to the CDMA system, but not much to the OFDM system. In this paper, we propose a novel preamble-based cell search scheme in OFDM cellular systems. The proposed scheme can provide rapid cell search by using a three-step approach. Unlike conventional schemes [5, 6] , the proposed scheme first finds out the frame timing in a computationally efficient manner. By using a new preamble pattern, it can resolve the ambiguity of the timing metric, providing robust performance in multi-path channel environment. This paper is organized as follows. Section II describes the OFDM system model. In Section III, we propose a novel cell search scheme with the use of a new preamble pattern. The performance of the proposed cell search scheme is analyzed and verified by computer simulation in terms of the mean cell search time. The computational complexity issues are also considered in Section IV.
Finally, conclusions are given in Section V. 
II. OFDM SYSTEM MODEL
where c N denotes the number of subcarriers and 
When the timing is not perfectly acquired, the received signal in
where n ε denotes the amount of timing offset. If n ε is in the
, the information symbol can be recovered without the effect of inter carrier interference (ICI) and ISI. If not, the demodulated signal can be represented as [3] [ I k represent the interference due to the ISI and ICI, respectively. Note that, in addition to the interference, the received symbol is attenuated in proportion to the timing offset.
As a result, the receiver performance seriously deteriorates.
Therefore, it is required to acquire accurate timing during the initial cell search process.
III. PROPOSED CELL SEARCH SCHEME
We consider a three-step process for the cell search as shown in 
where [ ] The frame timing can be detected from the preamble position.
Define a timing index set by 
We have a normalized frame timing metric defined as
The frame timing can be found by the timing index ˆf n such that
where f λ denotes a detection threshold for the frame timing.
The block-wise autocorrelation can significantly reduce the computational complexity of the frame timing acquisition process as shown in Fig. 3 . The proposed scheme requires about p N complex multiplications and p N complex additions to proceed 2 p N samples. Note that the correlation method in [7] requires one complex multiplication and two complex additions to proceed one sample. Even after completion of initial cell search, the mobile ceaselessly needs to search the frame timing to detect other-cell's preamble for handover. Thus, the proposed scheme can significantly save the power for cell searching for handover.
After finding the frame time ˆf n , the timing uncertainty is reduced to within a preamble interval. Then, the symbol timing can be found by performing the following autocorrelation 
We can have a normalized symbol timing metric defined as
The symbol timing can be found by the timing index ˆs n such that
where s λ is a detection threshold for the symbol timing.
Since no signal is transmitted during the guard interval, the timing metric has a sharp Λ shape as shown in Fig. 4 , improving the detection performance. Note that the estimated symbol timing ˆs n can be deviated from the correct symbol timing o n by a small amount when the multi-path delay spread is large. If 
where pre-advanced samples b n should be chosen to be higher than the mean shift of the timing point caused by the channel dispersion. Because ˆw n is smaller than o n due to the adjustment, the demodulated symbol can have a phase rotation term as in (7).
Thus, the cell identification process should consider this phase rotation effect. To alleviate this phase rotation issue, we detect the cell-specific code using the following differential crosscorrelation.
[
where [ ] 
We can use a normalized cell identification metric defined as If a misdetection occurs in the second or third step, the process goes back to the first step. If the false timing or cell code identification occurs, we assume that the process goes back to the first (i.e., frame timing acquisition) step after a penalty time of p T seconds. 
Then, it can be shown that the overall generating function is represented as
Thus, the mean cell search time can be obtained by
Based on the analytic results, the performance is evaluated by computer simulation. The simulation parameters are summarized in Table I [ 11, 12] . A successful cell search is declaired when the estimated FFT window timing is detected within the guard interval range and correct cell identification code is obtained. We assume that the symbol timing is fine tracked in ISI and ICI free region (i. e., proposed cell identification scheme to the S&C scheme in [7] that does not consider cell identification. It can be seen that the proposed scheme shows significant performance improvement over the S&C scheme. This is mainly due to that the proposed scheme can efficiently reduce the uncertainty in the first step and sharp shape
(1 )
Step 2nd & 3rd
Step Since it has strongest power in dominant paths, cell search performance is best in the pedestrian-A (10km) channel at low CIR (e.g., less than -5dB). However, unless the CIR is too low (e.g., larger than -4dB) the performance is best in the pedestrian-B (3km) channel due to the frequency diversity effect. Table II compares the computational complexity in terms of the real addition, multiplication and division of the proposed scheme with the well known S&C scheme in [7] . It can be seen that the proposed scheme requires low computational complexity.
V. CONCLUSION
In this paper, we have considered the initial cell search problem in the OFDM-based cellular system. We have proposed a three-step based cell search scheme with the use of a new preamble pattern.
The proposed preamble can generate the timing metric with a sharp shape, significantly reducing the uncertainty in finding the frame timing. By applying new processing methods (e.g., block-wise autocorrelation for the frame timing and, differential crosscorrelation for the cell identification), we can significantly reduce the cell search time in addition to the reduction of computational complexity. The performance of the proposed cell search scheme has been analyzed in terms of the mean search time and verified by computer simulation. Simulation results show that the performance improvement over the conventional one is significant when the channel is in bad situation. 
